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which was expressed at the 197S workshop. The analysis and design methods 
which we research are made available to Industry for their use In developing 
airfoils for their specific use and are also used by us In the second half of 
our program to develop and document the behavior of generic families of air- 
foils for a range of aircraft types as shown In figure 4. 

The analysis methods which have been and are being developed draw heavily 
upon and benefit from the remarkable advances made In computational aerody- 
namics during the past few years. The use of computational codes, coupled 
with mathematical optimization techniques, constitute a powerful tool for 
turning out new airfoil designs to satisfy specific requirements. In spite of 
limitations, these computational methods have proven to be singularly success- 
ful for design purposes and can be used to document airfoil characteristics 
as well, at least at conditions Involving no or small amounts of separation. 
Simpllstically, the state of the art can be characterized by the theory-data 
comparison shown In figure 5. Viscous theory Is fine, whether we are talking 
about low speed calculations or more sophisticated transonic codes, but only 
until separation occurs. Thus, the problem of handling viscous-dominant flows 
Is receiving wide attention by researchers, and cne approach which Is starting 
to show promise Is shown In figure 6, which gives results of PrcT. Carlson's 
free-streamline modeling theory applied to a low speed airfoil. Another 
approach - the use of Navler-Stokes codes - may work for the very low Reynolds 
number situation wherein laminar separation occurs (fig. 7), as we can see by 
comparing Mehta's code with a flow visualization experiment and even for 
unsteady transonic flow at small angles of attack. Unfortunately, such codes 
do not work as yet for situations Involving large regions of turbulent flow 
and we are placing a great deal of en^hasls at our Centers In providing better 
turbulence models for handling such cases with Navler-Stokes codes. 

We have spent and are spending a good deal of effort In the third element 
of the methods part of our airtoll program In Improving existing facilities 
and developing new ones and In developing test and Instrumentation techniques 
to extend the range and validity of 2-D data. You will be hearing talks on 
this aspect of our program, and I will only mention here that our stable of 
facilities, which Includes Langley's 1 ow-turbul ence pressure tunnel, 6- by 
28-Inch transonic tunnel, and 0.3-meter transonic cryogenic tunnel, and 
Ames's 2' x 2' transonic tunnel and 11' transonic tunnel, cover the complete 
Mach number and Reynolds number map for all classes of aircraft combinations. 

Insofar as the applications part of our program Is concerned, you'll be 
getting some detailed Information regarding our efforts from the following two 
speakers. I will only mention a few things that we have done to be responsive 
to the needs and recommendations of the Industry as surfaced at the January 
1975 workshop: We have expanded our experimental program to document the 
characteristics of our new supercritical and low speed airfoil designs cover- 
ing a large range of thickness and design lift coefficients, and In particular, 
we have Included data on high-llft systems; we have Initiated and now have In 
operation an airfoil design and analysis service at Ohio State University; and 
after a slow start, we have tested a large number of rotorcraft airfoils to 
get baseline data for new designs which are underway. Our applications program 
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also includes the design and testing of very thick airfoils for large -argo 

airfoils for turboprop application, and special pu. pose 
machinery^°'^ generators. RPV's (remotely piloted vehicles), and rotating 

. CO where and how the program is carried out, it is lear that the bulk 

Jn-house although we have gotten some excellent 
university help in obtaining low speed airfoil data. We also look to univer- 
?"^.^|!‘^‘'stry for help in advancing our analytical capability. Lannley 
IS our lead Center in this program with an across-the-board capability, with 
^es making particular contributions in Navier-Stokes analysis, design optimi- 
procedures, and m acquiring high-lift system and unsteady aerodynamic 
data. The contributions from the various in-house and outside sources will 
become apparent as the papers are presented in this conference. 

I podium to the next speaker. I'd like to say that 

^ we have made some solid contributions in airfoil development and 
hope to make a lot more in the next few years. Much of the success of the 
Langley program can be attributed to Bob Bovver's interest and support in 

resources of the Center behind tne program. The other indi- 
nrnll!!! who ^las worked hard and effectively on a day-to-day basis to make the 
conference go. who has acted as a principal spokesman for the 
program to the outside community, and who feeds me information as I need it 
with great patience and humor, Ken Pierpont. I take this opportunity to 
acknowledge their efforts. ^ 


EARLY 1900's JOUKOWSKl, GOniNGEN, MOST AIRCRAFT 
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Figure 3.- Single element airfoil thrust. 
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Figure 4.“ Airfoil applications. 
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Figure 5.- Airfoil with separated flow. 


7 


I 






(b) From Prandtl, L. 1952 Essentials of Fluid Dynamics 
p. 200, figure 3.83. 




Figure 7.- A qualitative comparison of leading-edge stall. 





